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times build up. In the second case the intermediate builds up even
though the compound can be fully degraded, because some of the
key bacterially mediated reactions are slow. For example, vinyl chlo-
ride, a cancer-causing agent, may build up during trichloroethylene
(TCE) biodegradation. The bacteria can convert TCE to vinyl chlo-
ride relatively quickly, but the subsequent degradation of vinyl chlo-
ride usually occurs slowly.

Inability to Remove Contaminants to Low Concentrations

Microorganisms may sometimes be physiologically incapable, even
when environmental conditions are optimal, of reducing pollutant
concentrations to very low, health-based levels, because the uptake
and metabolism of organic compounds sometimes stops at low con-
centrations. This may be caused by the cells7 internal mechanisms
for regulating what reactions they perform or by an inability of the
capable microbial populations to survive given inadequate sustenance.
Regardless of the mechanism, if the final contaminant concentration
fails to meet the cleanup goal, other cleanup strategies (microbiologi-
cal or other) may have to be implemented to effectively reduce the
concentration to acceptable levels. Research on augmenting sites with
nonnative microbes and controlling cells' genetic capabilities and in-
ternal regulation may lead to means for overcoming this limitation.

Aquifer Clogging

Stimulating the growth of enough microorganisms to ensure con-
taminant degradation is essential to in situ bioremediation. How-
ever, if all the organisms accumulate in one place, such as near the
wells that supply growth-stimulating nutrients and electron accep-
tors, microbial growth can clog the aquifer. Clogging can interfere
with effective circulation of the nutrient solution, limiting bioremediation
in places that the solution does not reach. Protozoan predators may
help mitigate clogging. In addition, two engineering strategies can
help prevent clogging: (1) feeding nutrients and substrates in alter-
nating pulses and (2) adding hydrogen peroxide as the oxygen source.
Pulse feeding prevents excessive biomass growth by ensuring that
high concentrations of all the growth-stimulating materials do not
accumulate near the injection point. Hydrogen peroxide prevents
excessive growth because it is a strong disinfectant, until it decom-
poses to oxygen and water.